2017 White Lake Water Quality Investigation

White Lake, Bladen County (Cape Fear Basin)

December 2017

Prepared by

Water Resources
ENVIRONMENTAL QUALITY

NORTH CAROLINA DEPARTMENT OF ENVIRONMENTAL QUALITY

Division of Water Resources

Water Sciences Section Division of Water Resources



Executive Summary

White Lake, a Carolina Blake located in Bladen County,@\ is unique in its lack of tannitolored

water typical ofthese lakes Instead, White Lake has historically been known faritstalclearwater

and white sand which made it a popular recreation and tourist destinatlamincrease in theamount

of algae found on the lake bottoifibenthic algag)along with changesithe water from clear to green
colored,have resulted ira declinein the aesthetics of the lakie recentyears. More recentlyiake

water monitoring by tle Division of Water Resourc3WRhas detected a change in the lake pH from
acidic to near neutrand an increase in nutrient levels, turbidity and chlorophylalues. In 204, the
Town of White Lake and thé.C.State Parks requested assistance frDRVR to determine potential
causes for the increasing benthic algae and water quality changes in White Lake. In response to this
request,in-lake water quality monitoring was conducted in 2015 through 2017, with the inclusion of
groundwaterand watershedvater quality monitoring in 2017 This report summarizes the conditions of
White Lakeand nearby water sources in 2017.

The findings from this study were:
9 Lake conditiong Evidence of increasing lake productivity (eutrophication) and declining water
quadlity due to:
o0 Increasingiutrient concentrations in 2017 as compared with previ@6syears oDWR
sampling efforts
0 Increase irchlorophylla values
o0 Changes in the algal communitpfin greenalgaeto bluegreenalgaedominated

T Groundwaterg
o ElevatedTotal Kjeldahl nitrogen (TKNpncentrationsn shallow well water
o0 Low rnutrient concentrations in deep well water
o0 Low nutrient concentrations in spring water, with no evidence of outflow into the lake

1 Watershedc
o0 Elevated ntrient concentrations in the two DDstorm drainage ditchemn the
northeastern side of the lake
o Bothditches did notflowunlessrd@in- f £ S@Syd 6l a mdupé 2N ANBI

The findings of this study suggest that teallowgroundwaterand nonpoint sourc&utrients are

elevated and therolume d artesian spring input to the lakmay bedecreasing. To identify feasible

solutions and management strategies for WHite1] S Q& y dzi NA Sy (i Gfied@vauancs y i LINE
of these issas should be conducted wmprehensivelgharacterize nutrientsrad water volume in and

around White Lake.
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Background andPurpose

The geographic area of concern for this study is White Lake, the surrounding watershed, neighboring
bay lakes and local aquifers. White Lake is a shall@@8acreCarolina By lake lcated near
ElizabethtownN.C.The maximum depth of this lake is approximately nine teet estimated residence
time is 292 days Except for a small, 0.48ile long strip of land along the northern shoreline, the entire
4.8mile shoreline is developed foesidential and some commercial useégpproximatelytwo-thirds of

the lake shoreline is bulkeaded or forested. The remaininge-third of the lake shoreline is gently
sloped. As part of theN.C State ParkSingletary Lakeompex, White Lake proviels recreational
opportunities such as swimming, fishing and boating.

White Lake is an unusual Carolina Bk in that the water of this lake is clear rather than colored by
tannins (i.e., tea colored). Theater darity has historically been attributeto numerous springs at the
bottom of the lake that bring water in such that water input is hot dominated by shallow (near surface
and organic) groundwater inflow as is the case with other Carolindaasg. The water levebf White
Lakeis determined ly the regional water tabland, in drought years, wiltlrop in response to the
decrease in rainfall and groundwater (springs) input. Thé&ebchannel isn the northwestern section

of the lake as opposed to the southeastern section as in other bay (Bkeg D.G June 1949; Wells,
B.W. et al.1953)

Beginning in 1950, various state agencies occasionally rebeiveplaintsfrom residentsand visitors
regarding unwantecquaticvegetationin White Lake.Over time, these&omplaints increasednd

exparded to include sewer spills, fish kills, green water color and reports of skin rashes on swimmers.
These types of observations resulting frolgae blooms and aquatic wesdre frequently anindication

of excessive nutrients ilakewater.

In 204, atthe request of the Town of White Laké¢,C.Parks and the DWR Fayetteville Regional Office,

the divisionexpanded ambient monitoring efforts on White Lake. Water monitoring efforts, which

began in 1981, consisted of lake water sampling during the summath®to evaluate water quality

conditions in respect to lake use. Based on evaluation of this historicttatd010 trophic state of the

lake hal shifted from oligotrophic (low productivity) to mesotrophic (moderate productivity). Short

periods of eutophic conditions (high productivity) have also been observed. The most dramatic water
jdz £t AGe OKIFIy3S KIFIa 06SSy GKS f1r1SQa LI o ¢KS | OARA
to a more neutrabverage pH value of 6 er the last 10 yea: This pHncreasemay be due to the

increase in benthic algae in the lake.

The purpose ofhe 2017study was to determine potential sources of nutrient loading to White Lake
which may be contributing to the increageroductivityobserved in the lake.
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Figure 1.White Lakeand samplingsite locations
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Methodology

White Lake Monitoring

White Lake was sampled by staff from the DWR Fayetteville Regional Office monthly from May through

SeptemberR017. Three historic@WRsampling site¢CPF155A, CPF155B and CPF18&@)sampled
each month while four near shore sites (CPF155A1, CPF155A@, CPF155C1 and QRrFéSa@})led
in June and Augusb provideadditionalwater quality conditions (Figure 1, Table 1). Parameters
measured and watechemistry parameters evaluated at each site are presented in Table 2

Table 1. White Lakeamplingsites

Site
Name

Coordinates

6f 1 GAGdzRS X

Physical
Parameter

Chemical
Parameters

Photic Zone

CPF155A
CPF15A1
CPF155A2

CPF155B

CPF155C
CPF155C1

CPF155C~

34.635840
34.639817
34.633747
34.643460
34.651020
34.652891
34.647387

-78.493380
-78.486742
-78.497204
-78.497990
-78.502440
-78.498214
-78.508633

X X X X X X X

X X X X X X X

Table 2. White Lake sampling parameters

Physical Parameters

Chemical Peameters

Temperature (°C)
Dissolved Oxygen (mg/L
Dissolved Oxygen (% S&
pH (s.u.)

Conductivity (uS/cm)
Secchi Depth (m)

Chlorophylia (ug/L)
Turbidity (NTU)

Total Solids (mg/L)
Total Suspended Solids
(mg/L)

Nutrients

-Total Phosphoruéng/L)
-Total Kg¢ldahl Nitrogen(mg/L)
-Nitrate & Nitrite(mg/L)
-Ammonia(mg/L)
Phytoplankton
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ArtesianAquifer Monitoring

To evaluate theelationship betweerthe artesian aquifeand White Lakeyater samplswere

collected at suspected spring sites located in the fkephysical and chemical analysis (Figuréable
3). With the assistance of local citizens of White Lake, DWRestaffiinedthe lake floor with side scan
sonar to find the locations of depressiorgported as associated with the spring outlets. Drift scans
over these locations with temperature and pH probes, just above the lake floor, werdruagdmptto
identify noticeable contrastbetweenspring and lake water. Water samples were colledteth two
sitesand submitted for laboratory analysis for comparis@rable 3)

Water samplesvere collected from suspectesubmergedspring sites with a PVC well casing equipped

with a 0.016inch slot screen. Thesgered ¢ & KSR¢ 2 NJ d i@ dadttonBtiRan apprgximate G KS |
depth of ten feet. The naturally occurring sandsused as the gravel pack. The well casing and screen

were developed with a peristaltic pump. Sample watespumped from the well to a collection

container and distributedhito sample bottledor laboratorywater chemistryanalysis Physical water

guality parametersvere also measured from the sample water.

Table 3. White Lak&-lake spring samplingsites andsampling parameters

Site Coordinates Physical Chemical
Name | of I G A G dzRS X Parameters Parameters
PSA 3464988 -7849521 | Temperaturg°C) Nutrients*

Dissolved Oxygemg/L) -Total Phosphorugmg/L)
PSB 3464459 -7849135 | Dissolved Oxyge(¥ Sat.) -Total Kjeldahl Nitroge(mg/L)

-Nitrate & Nitrite (mg/L)
pH(s.u.) o -Ammonia(mg/L)
Conductivity(uS/cm) Select Metals
Depth to Waterfeet)

Groundwater Monitoring

Groundvater samplesvere obtained fromsixmonitoring wells temporarily installed at various locations

around the lakg(Tabk 4) Onshore hallow wells (two) were installed in the first water bearing zone
encountered, andvereRS A A Iy G SR A G K |y & aéonsh@deM@liswar&instale® ¢ ¢ & !
below the first water bearing zone ameereR S & A 3y I (G S RNISARIKS L) werédnsfifited St 4
with PVC well casing and PVC screen (Ou@dslots). The gravel pagkasconstructed with No. 2 sand,

and the wells sealed with bentonite clayadditionally, two shallow wiake groundwater wells (Guyton

Dock neawells MW1s1d and NCPR Dock near MX&2d) were installed to provide a comparison of

lake groundwater chemistry with onshore groundwater chemistry.

The wellswere installed based on the location of the first and second water bearing zone, and not
necesarily on aquifer conditions. Since the wellgere not necessarily constructed in the aquifer
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conditions required to produce turbid free water, water samplagere filtered (0.45 pm) prior to
preservation in the field.The wellswere developedon the sameday theywere installed andpurged a
minimum ofthree well volumes prior to each sampling event.

Table4. Groundwvater well samplingsites and sampling parameterat White Lake

Site Name Coordinates PhysicaParameters Chemical Panmeters
of I U AongizRe& X
MW-1S Temperature (°C) Nutrients *
34.64193 -78.48525

MW-1D Dissolved Oxygen (mg/L)| -Total Phosphorus (mg/L

Guyton Dock | 34.64176 -78.48609| _. : .
tyton B¢ Dissolved Oxygen (% Sal -Total Kjeldahl Nitrogen

MW-2S
34.64046 -78.50966 | pH (s.u.) (mg/L)

MW-2D -Nitrate & Nitrite (mg/L)

NCRRDock | 34.64053 -78.50027 | Conductivity (uS/cm)

-Ammaia (mag/L)

Stormwater Painage DitchMonitoring

Water sample$rom two drainage ditches located on the northeastern side of Whake (Figure 1)
whichdrain directly into the lakevere sampledF 2 £ ft 26 Ay 3 | YIF 22 NJ NI Ay Tl ¢
water samples were analyzed for nutrient concentrations in an effort to determine to what extent these
ditches contribute to nutriat-loading of the lake.

Results

(All data tables in this section are available in Appendix C.)

White Lake Water Quality Monitoring Results

Surface dissolved oxygenthe lake sampling sitegas greatest in May (range = 8.3 to 8.6 mg/L) and
ranged from6.3 to 7.9 mg/L from June through Septembgalfle §. Secchi depths, a measurement of
lake water clarity and light penetration, ranged from 0.8Lt6 meters The September secchi depths
were the lowest measurements recorded for White Lake since 19&hwnonitoring of this lake by
DWR wasnitiated.

The lowest surface pH value (5.9 s.u.) was observed in May and the highest value (8.1 s.u.) occurred in
September. Both values were measureditéé CPF155AIn July 2013, DWR observed surface pH values
ranging from 8.0 to 8.3 s.u. in White Lal&urface conductivity values ranged from 43 to 44 umhos/cm

in 2017. These were the lowest surfamnductivityvalues observetly DWHRor White Lake since

1981.
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Table 5. Physical and chemical data resdtisWhite Lake, 2017

SURFACE PHYSICAL DATA PHOTIC ZONE CHEMICAL DATA
Total
Water Secchi Total | Suspended
Date Sampling | DO | Temp | pH Cond. Depth | Percentl TP TKN NH3 | NOx ™ TON TIN [ Chla |Solids Solids Turbidity
Station mg/L| C s.u. | pmhos/cm | meters SAT mg/L | mg/L | mg/L [ mg/L | mg/L | mg/L | mg/L || pg/L | mg/L mg/L NTU
September 26, 2017 | CPF155A 79 | 251 | 8.1 43 0.8 96.2% 0.05 1.00 | <0.02 | <0.02( 1.01 0.99 0.02 || 58.0 71 22.0 5.1
September 26, 2017 | CPF155B 78 | 254 [ 7.8 43 0.8 95.0% 0.04 1.00 | <0.02 |<0.02( 1.01 0.99 0.02 || 53.0 68 4.1
September 26, 2017 | CPF155C 7.7 | 254 | 7.8 43 0.9 94.5% 0.04 1.00 | <0.02 | <0.02( 1.01 0.99 0.02 70 4.4
August 25, 2017 CPF155A 73| 294 [ 76 43 1.0 95.0% 0.04 0.81 | <0.02 | <0.02| 0.82 0.80 0.02 || 25.0 52 5.4
August 25, 2017 CPF155A1 | 7.6 | 30.0 | 7.6 44 1.0 99.8% 0.03 0.81 | <0.02 | <0.02| 0.82 0.80 0.02 || 21.0 52 4.8
August 25, 2017 CPF155A2 | 7.0 | 294 | 7.1 43 1.0 92.0% 0.04 0.80 | <0.02 | <0.02| 0.81 0.79 0.02 || 25.0 76 4.8
August 25, 2017 CPF155B 6.6 [ 29.7 | 6.9 44 1.0 87.0% 0.03 0.82 | <0.02 | <0.02| 0.83 0.81 0.02 || 25.0 54 35
August 25, 2017 CPF155C 6.3 | 299 | 6.5 44 1.0 83.0% 0.03 0.79 | <0.02 | <0.02| 0.80 0.78 0.02 || 24.0 109 3.8
August 25, 2017 CPF155C1 | 6.5 | 30.1 | 6.6 44 1.0 87.7% 0.03 0.77 | <0.02 | <0.02| 0.78 0.76 0.02 || 25.0 48 4.1
August 25, 2017 CPF155C2 | 6.9 | 29.9 | 6.8 44 1.0 90.5% 0.03 0.80 | <0.02 | <0.02| 0.81 0.79 0.02 | 21.0 80 4.0
July 20, 2017 CPF155A 7.0 | 306 | 6.8 43 1.3 92.0% 0.02 0.59 | <0.02 | <0.02| 0.60 0.58 0.02 8.9 50 <12.0 3.2
July 20, 2017 CPF155B 6.9 [ 30.7 | 6.8 44 1.6 92.7% 0.02 0.58 | <0.02 | <0.02| 0.59 0.57 0.02 || 12.0 64 <6.2 3.2
July 20, 2017 CPF155C 7.0 | 29.8 | 6.6 43 1.5 92.7% 0.02 0.62 | <0.02 | <0.02| 0.63 0.61 0.02 7.9 70 <6.2 2.6
June 29, 2017 CPF155A 74 (289 (74 44 1.2 96.1% 0.02 0.65 | <0.02 | <0.02| 0.66 0.64 0.02 9.5 73 <12.0 4.2
June 29, 2017 CPF155A1 | 7.4 | 29.0 | 6.6 44 1.2 95.1% 0.02 0.68 | <0.02 | <0.02| 0.69 0.67 0.02 | 10.0 76 <6.2 4.0
June 29, 2017 CPF155A2 | 7.2 | 29.1 | 6.5 44 1.2 94.1% 0.02 0.70 | <0.02 | <0.02| 0.71 0.69 0.02 9.4 74 <6.2 3.6
June 29, 2017 CPF155B 7.3 | 286 | 6.5 44 1.2 94.0% 0.02 0.66 | <0.02 | <0.02| 0.67 0.65 0.02 || 12.0 76 6.5 5.8
June 29, 2017 CPF155C 7.2 | 284 | 6.5 44 11 91.7% 0.02 0.69 | <0.02 | <0.02| 0.70 0.68 0.02 || 11.0 76 10.0 4.7
June 29, 2017 CPF155C1 | 7.3 | 285 | 6.6 44 1.2 95.0% 0.02 0.67 | <0.02 | <0.02| 0.68 0.66 0.02 || 12.0 66 <6.2 4.2
June 29, 2017 CPF155C2 | 7.2 | 28.7 | 6.6 44 1.1 94.0% 0.03 0.63 | <0.02 | <0.02| 0.64 0.62 0.02 | 11.0 69 <6.2 3.7
May 17, 2017 CPF155A 83 | 256 | 5.9 44 15 101.5% | 0.02 0.53 | <0.02 | <0.02| 0.54 0.52 0.02 9.2 67 6.5 2.3
May 17, 2017 CPF155B 8.6 | 246 | 6.1 44 15 103.2% | 0.03 0.52 | <0.02 | <0.02| 0.53 0.51 0.02 || 10.0 63 <6.2 2.2
May 17, 2017 CPF155C 8.6 | 24.7 | 6.4 44 1.5 103.7% | 0.02 0.62 | <0.02 | <0.02| 0.63 0.61 0.02 9.2 59 7.8 2.3

Overall, nutrient concentrations in White Lake were greatesteptember as compared with the
previous sampling months in 201¥aple 5. Both NH and NQ + NQ were below DWR laboratory
detection levels.Total phosphorus rangkfrom 0.02 to 0.05 mg/L and total Kjeldatiirogen (TKN)
ranged from 0.52 mg/L in May to 1.00 mg/L in September. Total organic nitrogen ranged from 0.53 to
0.99 mg/L. There weildtle differences in neashore and mielake nutrient concentrations.
CHorophylla values ranged from 7.9 to 58@/L. The values for chlorophglin September were
greater than the state water quality standard of 4@/L. Analysis of phytoplankton samplesllected
from WhiteLake in 2017 indicated that the algal commyrin June and July was dominated by the
green algaiGonatozygon brebissoniin August, the algal community transitionedRtanktolyngbya
R2 Y A (Rorth Sarihal K S

limnetica afilamentousd f dzSaANB Sy
Departmentof Emvironmental Quality2017).
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Submerged Sprinddonitoring Results

Drift scans with temperature and pH probes over suspected artesian spring outlets did not idewntify an
significant changes between lake water and spring watgater samples were dlected in July from

two suspectedspring sites located at the bottom of White Lake. The depth of the water collection was
approximatelyeightto 11 feet below the lake bed (FigureTable6).

Table6. Nutrient concentrations and physical measurentsrof sample water from submerged
springs in White Lake

Water Dissolved Total Total Kjeldahl| Ammonia| Nitrite + | Total | Total Organic| Total Inorganid
Location| Date Temperature| Oxygen | Conductivityl pH | Phosphorug N NH; Nitrate N N N
°C mg/L pumhos/cm | s.u. mg/L mg/L mg/L mg/L mg/L mg/L mg/L
PS-A  |[July 1, 201] 27.9 5.4 42 6.0 <0.02 0.42 <0.02 <0.02 | 0.43 0.41 0.02
PS-B |July 1,201} 27.2 2.0 42 5.8 0.03 0.51 0.22 <0.02 | 0.52 0.29 0.23

Groundwater MonitorindResults

Water samples were collectdtbm sixwells attwo sitesfrom Junethrough August The physical and
chemialdata are presented in Tablebelowand ste locationsare presentedn Figure 1.Shallowwells
ranged from three to four feet below the land surfagéhile deep wells extended 20 to 25 feet below
the land surfaceThe greatest differences in physical values betwsleaillowand deep wellwere
observed at MWLS and MW 1DT@ble7), wheresurface conductivity, dissolved oxygen and water
temperature were greater in the shallow well compatedhe deeper well. The differenebetween
these measurements at MYS and MWA2D were not as greaGroundwater physicalonditiondatais
limited to this date only.

For bothpairs of onshore well sites, nutrient concentratidnghe shallow wellsvere higherthan those

in deeper well water. Shallow water from MS on the eastern shore of White Lake had higher nutrient
concentrations than from the shallow well M25 on the western shorelo compare with onshore
groundwater chemistry, wtake groundwater chemistry at the Guyton Dock shallow well near MW
1S/1Dwells had higher dissolved oxygen and pH and lower condiyatimiJune 30. Chemically, this
in-lake well had lower phosphorus and nitrogen values than both the shallow and deep well onshore
wells, with the exception of total organic nitrogeWater samples collected at wédicationson July 28
indicateshallon well water was higher in nutrient concentratioméien compared todeeper well water,
while shallowwater from MW1S was higher in nutrient concentratioosmpared tosamplesobtained
from well MW-2S Nutrients remained higher in thghallowwell samplesollected on August 28
Shallowwell nutrients from MWLS also remained higher than those in MAS.

Water Sciences Section Division of Water Resources



Table7. Nutrientdata collected from groundwater wells at White Lakéyune August2017

Total Total Total
Water Dissolved Total Kjeldahl | Ammonia| Nitrite + | Total | Organic| Inorganic]
Date Sampling | Temperaturg Oxygen | pH |Conductivity Phosphorug N NH3 Nitrate N N N
m/d/yr Station °C mg/L s.u. | umhos/cm mg/L mg/L mg/L mg/L mg/L | mg/L mg/L
June 30, 2017 MW-1S 27.0 3.0 4.8 242 0.30 4.90 2.90 <0.02 | 491 2.00 291
June 30, 2017 MW-1D 19.6 0.8 4.4 56 0.17 1.00 0.30 <0.02 1.01 0.70 0.31
June 30, 2017 | Guyton Dock 315 7.4 7.3 44 0.02 0.75 <0.02 <0.02 | 0.76 0.74 0.02
June 30, 2017 MW-2S 259 0.8 5.6 129 0.50 3.40 2.60 <0.02 | 341 0.80 2.61
June 30, 2017 MW-2D 20.9 0.7 5.9 102 0.09 0.59 0.41 <0.02 | 0.60 0.18 0.42
July 20, 2017 MW-1S 0.61 5.30 3.00 <0.02 | 531 2.30 3.01
July 20, 2017 MW-1D 0.13 0.88 0.35 <0.02 | 0.89 0.53 0.36
July 20, 2017 | Guyton Dock* <0.02 0.52 <0.02 <0.02 | 0.53 0.51 0.02
July 20, 2017 MW-2S 0.59 2.60 1.20 0.10 2.70 1.40 1.30
July 20, 2017 MW-2D 0.09 0.58 0.40 <0.02 | 0.59 0.18 0.41
July 20, 2017 | NCPR Dock <0.02 0.56 <0.02 <0.02 | 0.57 0.55 0.02
August 28, 20117 MW-1S 0.52 5.50 3.10 <0.02 | 551 2.40 3.11
August 28, 20117 MW-1D 0.16 0.86 0.33 <0.02 | 0.87 0.53 0.34
August 28, 2017 Guyton Dock <0.02 0.46 <0.02 <0.02 | 047 0.45 0.02
August 28, 2011 MW-2S 0.53 2.80 1.50 <0.02 | 2.81 1.30 1.51
August 28, 2011 MW-2D 0.10 0.58 0.39 0.19
August 28, 2017 NCPR Dock 0.03 0.75 <0.02 <0.02 | 0.76 0.74 0.02

* In-lake comparison data

Groundwater level data was also collected atigeated sites at White Lak&.he general trend for
groundwater in the immediate vicinity of the lake was reflective of the soil characteristics adjacent to
well locations and their respective source of wafBne onshoreshallow well dataexhibitsflux ata

faster and more responsive rate than soils adjacent to the deeper well at 25 feet below the surface.
Shallow inlake groundwater wells follow the same trend as shallow onshore wadtisoughto a lesser
degree in response to rainfall events. This carobserved irFigure 2 which depicts water level
information collected atour-hour intervals during the study period at M5, MWD, and the Guyton
Dock wells. Changeslakewell levels do correlate to groundwater level flux adjacent to the lake as
noted in previous studie@Vells, B.W. and S. G. Boyce, 1993)eunderstandingsubmergecartesian
springs in thdake islimited due to a limited number of sites and timeframe for studius, the
contributions of shallow groundwater and artesian spring$\thite Lake is not conclusive based on data
collected this study.

10
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Feet Above Mean Sea Level

Groundwater Level Elevations for Shallow Well (4ft.) and Deep Well (25ft.) Landward of Lake Shore
and Groundwater Well in White Lake Adjacent to Shoreline

— P [T
W

Date 8/27/17 8/29/17 8/31/17 9/1/17 9/3/17 9/5/17 9/6/17 9/8/17 9/10/17 9/11/17 9/13/17 9/15/17 9/16/17 9/18/17 9/20/17

=—Deep Well (MW-1D) —Shallow Well (MW-1S) = | ake Well (Guyton Dock)

Figure 2 Comparison of shallow and deepell groundwaterdepths in relation toin-lake
groundwater depth

Stormwater Drainage Ditdionitoring Results

Nutrient water samples wereollected twice from stormwater drainage ditch Hifin April 2017 and
once from drainage ditch INF(TableB). Total phosphorus concentration in INFwas greater in the
first storm collection event as compared with the second event. Total Kjeldedgiemn was elevated in

both drainage ditcheas was otal organic nitrogen.

Table8. Nutrient data collected fromstormwater ditches.

Total Total Total
Total Kjeldahl Ammonia | Nitrite + Total Organic | Inorganic
Date Sampling | Phosphorus N NH3 Nitrate N N N
m/d/yr Station mg/L mg/L mg/L mg/L mg/L mg/L mg/L
4/3/2017 INF-1 0.12 1.2 0.03 0.07 1.27 1.17 0.10
4/6/2017 0.04 1.3 0.02 <0.02 1.31 1.28 0.03
4/6/2017 INF-2 0.04 3.4 0.03 0.02 3.42 3.37 0.05

INF-1 Located at 408 White Lake Dr.
INF-2 Located at 580 White Lake Dr.

Inputs only flowed when rain events exceeded 1.25 inches of rain.
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Discussion

An evaluation of the historic DWR lake monitoring data was conducted to identify trends. Basgsl on
evaluation (Appendix A)he trophic state (biological productivity) of White Lake has increased within
the past 20 yeardA review of chemistry and physical data trenwidicatethat the productivity of White
Lake is increasingAnincrease i nutrient levels hasupported an increase in both planktonic and
benthic algae along with increases in the water column chlorophydlues. Subsequently, these
microscopic plants have contributed to an increase in the turbidity and green coloration of tiee on
crystatclear lake water The increase in algal growth also contrilsteean increase in the pH of the
lake from acidic to near neutral conditions.

Theshift in the pH of White Lake from approximately 4.0 togr.to approximately 7.0 s.uandshift

in specific conductivity from approximately fhhos/cm to 45umhos/cm in recent yearss an
indication of amimportantOK I y3S Ay GKS f11SQa ¢l GSNIljdz- t Al
Kimberly Jones and students from Brunswick Community gadktempted to determine whether

changes in the chemistry of spring water entering the lake was contributing to the pH in¢leass,

2015). If the aquifer had come in contact with a layer of limestone, subsequent buffering of the acidic
spring water i¢e. increased pH) might explain in the overall increase in the lake water pH. Spring water
samples, however, were found to have a pH of 4.7 s.u. while lake witawpy from the spring site

was measured at 6.9 s.u. This result agreed with the pH vahtamed by DWR staff in 2017 which
indicated that water from the spring sitesene lower (5.8 to 6.0 s.u.) compared the lake water (6.6 to

6.8 s.u.) in July. The change in spring water pH observed Tt@@017 may have been due to

difficulty DWR w&ff had in determining the exact location of the spring outflow sites in 284 %vell as
potential (but unmeasured) differences in outflow rates in 2016 as compared with 2017.

Phytoplankton samplesollected in 201 by DWRndicate changem the compmsition of the algal
community over the past four year$n 2013, this community consisted primarily of desnsdsh as

L

green algae, and other algal groups such as cryptophytes, chrysophytes and diatoms. These algal groups

are typically found in acidioligotrophic (low nutrient) waters and are beneficial in supporting a healthy
aquatic environment. DWR first identified the presence of bluegreen algae in White Lake in 2015.
Since that time, the relative abundance of chrysophytes, cryptomonads arahtidtave decreased

while the abundance of bluegreen algaesiacreased. This shift in the algal community is an indication
of nutrient enrichmentand reflects a change in the trophic state of White Lake from oligotrophic to
eutrophic (North Carolina Bision of Water Resources, 2Q01&ppendix B

Data collected from shalloenshorewells in June and JuRD17suggest thatlevatednutrients from
groundwater may be a source of nutrient loading in White Lake. Water coll&ctedartesian spring
sitesbelow the lake bedvas much lower in nutrient levet®mparedto theseshallowgroundwater
samplesGroundwater leel flux between landward and-lake sites indicates a closely connected
system in which the lake receives its source water from surfigial}¢ | Y R R S S.litlappears Q 0
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that during the course of this studthe nutrient loading in Whé Lake isit timesdominated by shallow
groundwater ando a lesser degrethe in-lakespring sourcesHowever the currentvolume of
groundwater injut versus the artesian springsunknown

In the early 1950s, Frey and Boyce conducted a simple dye experiment in White Lake that determined
the head pressure from the submerged artesian springs was great enough to force fluorescénhdye

i KS ShorgliSeQandward into the coarse sand rim of the ldising six inch wells perpendicular to

the shorelinedye placed in the well closest to the lake had migrated 10 d@&ty from the lake to the

third well over 26 hours As a comparison, the samepeximent was conducted at Jones Lake. The dye

in the first well remained in that well without migrating for 14 howgdlls, B.W. and S. G. Boyce, 1953).

If the water pressure from the submerged springs tlacreased, the resultant pressure may no longer

be sufficient to prevent the movement ghallow groundwater adjacent to th&horeline from flowing

into the lake. This would likely result inshift towards apredominantlyprecipitation andshallow
groundwvater driven systenas opposed t@nethat issupplied byspring water. This change may have a
AAIAYATFAOLIYG AyFtdsSSyOS 2y GKS t1185Q&8 NBimbwaduth 2y GAY
of the lakd. Lake outflow from Turtle Cove was measured at approximately 250 gpm during the months
of February and March 2017 by DWR field staff. Flow from the lake ceased in June 2017 and, as of
November 2017, had yet to resume. Such a pattern of outflow reduction and water retattioglates

with late summer 2017 reduction in water quality conditioimgreasechuisance benthialgaeandalgal
blooms

In summary,nternal lakenutrient cycling, coupled with nutrients from shallow groundwater and

potential nonpoint sources (i.e., surface water runoff due to storm evewrtanbined with increasing

lakeresidence timesppear to be creating H#ake nutrient levels capable of supporting ongoing

nuisance levels of algal growsind declining lake aesthetic8 dzZNIi K SNJ S@I f dzr GA 2y 2F 2 K]
hydrology, nutrient sources, and aquatic plant community shoulddxéormed to providebetter

understnd the dynamics of White Lakéed to developeffectivenutrient and aquifemanagement

solutions.

13
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Appendix A

White LakeNater Quality Trends
and Analysis Report
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White Lake Water Quality Data Trends and Analysis

White Lake, Bladen County (Cape Fear Basin)
December 2017

North Cardina Department of Environmental Quality

Water Resources
ENVIRONMENTAL QUALITY

Division of Water Resources

Water Sciences Sectiointensive Survey Branch
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Background and Data Information

White Lake, used extensively for watesised recreatinal activities, is a Carolina Bay Lake with
historically acidic waters and unusually high water clarity. Recghdye have been questions regarding
GKS f118Qa ¢ GSNJ ljdzr £ A& oOCEvGIEno2WatewReso@dedhas F NA e O
monitored White Lake since 1981 as part of routine bagitle assessments, with the last assessment in
2013.Additional data has been collected from the lake from 2015 through 2017 as part of the special
study. This report highlights data summaries from thidtingear database, calculated from 126 water
guality sampling events from the surface (depth of 0.15 meters) or photic zone (mean 4.4 meters).
Samples were collected from three sites across White Lake for all years with the exception of 2017,
when additioral locations were sampled within and around White Lakdale water column (n=4, total
n=7), spring (n=3), groundwater (n=6), and stormwater (n=2) (FiguF@dore specificyearly
information, please revieasin Assessment Reports on the Water SeierSection websitat
https://deg.nc.gov/about/divisions/watefresources/watesresourcesdata/water-scienceshome-page
Data wasanalyzed by year sampled

17
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NCTSI vs. Year — NCTSI
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Figure 2. White Lake NCTSI from 1981 to 2017 by monthly site visits and
associated regression trend line
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Figure 3. Nutrient values collected from the photic zone and associated regression trend lines
(Data points represent individual site visits.)
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Figure 4. Physical water quality values collected from the surface and associated regression trend lines.
Data points represent individual site visits.
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Figure 5. Clarity water quality values collected from the photic zone and associated regression trend lines.
Data points represent individual site visits.
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AppendixB
White Lake Algae Report
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INTRODUCTION

The North Carolina Department of Environmental Quality (DEQ) Division of Water Resources (DWR)
conducted sampling in White Lake as part of the 2Ba8inwide Assessment Monitoring Program.

¢tKS NBadzZ Ga 2F (GKA&a aaSaayvySyid AyRAOFGSR OKIy3Sa
changes in phytoplankton (freboating algae) assemblages. As a follow up to the 2013 monitoring,

DWR has congtted annual assessments of the chemical, physical, and biological conditions in White

Lake beginning in 2015 and concluding with the current study in 2017. The aim of this study is to

determine if ecological conditions have been impacted by the obserhiadges in lake chemistry.

METHODS
Study Area

Monthly monitoring was conducted #liree historic Ambient Lake Monitoring Program sites from

May to September 2017. Four additional sites were sampled during the June and August site visits
order to idenify any alternate physical, chemical, and biological conditions near the shoreline (Figure
1).
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Figure 1. White Lake sampling locations
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Sampling Protocols

Phytoplankton samples were collected from the photic zone from June to September concurrently
with chemical and physical parameters follo@in L y &4 Sy aA @S { dzNBSe& . NI yoKQa { i
Procedures (DENR 2013).

Algal Sample Enumeration

Phytoplankton samples were quantitatively evaluated by identifying the algae to the lowest taxonomic
level achievable (i.e. genus or species) and countingithdil/cells and units according to standard
operating procedures (NCDWR 2016).

Algal blooms were determined by measure of unit density and/or biovolume. Unit density is a

guantitative measure of the number of filaments, colonies or siogted taxa in avaterbody

expressed as units/mL. Because cell size varies significantly between algal species, unit density alone

can be misleading when attempting to quantify algal blooms. Biovolume, an estimate of the total

volume occupied by the algal assemblageisisd to adjust for the variations in cell size. Analyzing

both unit density and biovolume allows for a better understanding of the ecological impact of the
LIKed2LX FylaG2y adaSYyofl3aSod C2N) GKS LJzN1LI2asSa 2F GKA
0A202ft dzY S ¥mdingicare algal b\6df activity at the time of sampling.

RESULTS

Phytoplankton densities from June through September 2017 were generally high (>10,000 units/mL)
for all sample locations. Monthly samples showed little variance betveations with the exception

of August when algal densitiesthree stations (CPF155A1, CPF155A2 and CPF155C2) were
approximately double all other sample locations. Algal densities tended to increase throughout the
study period with a slight decrease duy the month of July (Table 1, Figure 2). Biovolume showed
greater variability between stations each month and did not directly reflect the trends in algal density.
Biovolume was greatest during the month of August for all sites except CPF155B, whigth ipeak
September (Table 2, Figure 3).

Phytoplankton community composition showed little variance between sites. During the months of
June and July, the algal community was dominated by the greenGdgetozygon brebissorikigure

4). In August, the aldgommunity transitioned to dominance by the bluegreen aRjanktolyngbya
limnetica(Figure 5). The decrease in total algal density in July corresponds with the shift in
community dominance, indicating the simultaneous collapse of3beatozygomopuldion and the
magnification of thePlanktolyngbyaopulation (Figure 6).

Measurements of water clarity (secchi depth, chloroplayltotal suspended solids (TSS) and turbidity)
are listed in Table 3. Secchi depth tended to decrease between the monthsyabMseptember, with

a slight increase during the month of July. Chlorophyticreased throughout the study period, with a
slight decrease in July. Trends in algal densities were directly reflected in chlowphides and
indirectly related to secatdepth.
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DISCUSSION

With the exception of 2013 phytoplankton densities have steadily increased over the last four years
(Table 1). All samples collected in 2017 exceeded the algal bloom criteria for unit density, however,

the biovolume criteria was dy exceeded during the months of August and September. This

discrepancy is due to the relatively small cell volume of the dominant algal sg@&mnetozygorand
Planktolyngbyacausing bloom densities of these algae to have a relatively small impact ondtal

algal biomass. Bloom conditions have been documented in White Lake in previous years, but these
SoSyiGa GeLAOrtfte RAAAALI GSR 0ST2NB (KS ySEG Y2yikK
Changes in algal community composition have also been observed over the past foulny2ais3,

the algal community was consistently dominated by desmids (green algae), with other algal groups
such as cryptophytes, chrysophytes, and diatoms increasing in abundance later in the growing season.
These algal groups are characteristic of acmligptrophic waters and considered beneficial to

supporting a healthy aquatic environment. Bluegreen algae were not identified in White Lake until
2015. Since that time, the relative abundance of bluegreen algae has increased while the relative
abundanceof other algal groups such as chrysophytes, cryptomonads, and diatoms has decreased
(Figure 7). During the 2017 sampling seagdanktolyngbyacontributed as high as 90% of the unit

density and 87% of the biovolume in White lake (Table 1 and 2). dlefldiversity in the algal
assemblage is a potential stress on zooplankton and other aquatic animals, as bluegreen algae are not
a desirable food source for planktivores. Bluegreen algae, especially in bloom densities can also be an
indication of nutriet enrichment. Their continued dominance in White Lake may reflect a shift from

an oligotrophic system to a more eutrophic environment.

Changes in algal community composition throughout the summer of 2017 may indicate the response
of algal community structre to changes in aquatic chemistry. In June and July 2017, the algal
community was dominated by the desmi@pnatozygon brebissoniDesmids are common in low pH
environments, and have historically been the dominant group within White Lake. Begindimyg,in

the community began to shift to bluegreen dominanceRgnktolyngbya limneticdlanktolyngbyas

able to tolerate a wide range of environmental conditions and is common in reservoirs throughout the
state. Planktolynbydlooms remain suspended thughout the water column potentially causing

water discoloration, but are not known to form surface scums or mats. Some bluegreen algae have
the ability to produce toxins that present a potential health risk to humans and animals. Fortunately,
Planktolymbyais not known as a toxin producer.

1 The elevated algal densities observed in 2013 resulted from the suspension of benthic, green algae
into the water column during the months of June and July. (NCDEQ, 2016)
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Table 1.Phytoplankton density and dominant taxa in White Lake (220.87)

Density Group % Taxa %
Date Station Dominant Group Dominant
(units/ml) Dominance Dominance
Dinoflagellates/ Ankistrodesmus/
5/21/2013 CPF155A 1,500 Greens 54/43 Peridinium 43/41
Dinoflagellates/
5/21/2013 CPF155B 2,400 Greens 48/39 Peridinium 48
Peridinium/
Dinoflagellates/ Unidentified
5/21/2013 CPF155C 4,000 Greens 55/40 green 55/31
Unidentified
6/17/2013 CPF155A 8,600 Greens 98 green 94
Unidentified
6/17/2013 CPF155B 8,100 Greens 98 green 93
Unidentified
6/17/2013 CPF155C 14,200 Greens 97 green 97
Unidentified
7/15/2013 CPF155A 120,300 Greens 100 green 99
Unidentified
7/15/2013 CPF155B 126,500 Greens 99 green 99
Unidentified
7/15/2013 CH155C 96,800 Greens 100 green 99
Cryptomonads/
8/26/2013 CPF155A 100 Greens 57/42 Komma 57
8/26/2013 CPF155B 60 Chrysophytes 75 Synura 75
8/26/2013 CPF155C 200 Greens 40 no dominant N/A
9/23/2013 CPF155A 3,200 Greens 84 Ankistrodesmus 43
Ankistrodesmus/
9/23/2013 CPF155B 2,500 Greens 81 Staurastrum 36/33
9/23/2013 CPF155C 3,100 Greens 81 Ankistrodesmus 55
5/7/2015 CPF155A 2,800 Greens 66 Ankistrodesmus 54
5/7/2015 CPF155B 2,800 Greens 60 Ankistrodesmus 48
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Density Group % Taxa %
Date Station Dominant Group Dominant
(units/ml) Dominance Dominance
5/7/2015 CPF155C 4,200 Greens 53 Ankistrodesmus 41
6/17/2015 CPF155A 7,800 Bluegreens 53 Planktolyngbya 50
Planktolyngbya/
6/17/2015 CPF155B 7,400 Greens 46 Staurastrum 31&30
6/17/2015 CPF155C 3,700 No dominant N/A Planktolyngbya 37
7/22/2015 CPF155A 2,600 Greens 78 Staurastrum 37
7/22/2015 CPF155B 1,800 Greens 88 Staurastrum 34
7/22/2015 CPF155C 2,700 Greens 95 Staurastrum 35
8/20/2015 CPF155A 18,300 Bluegreens 81 Planktolyngbya 81
8/20/2015 CPF155B 15,800 Bluegreens 75 Planktolyngbya 75
8/20/2015 CPF155C 12,600 Bluegreens 76 Planktolyngbya 70
9/23/2015 CPF155A 5,200 Bluegreens 48 Planktolyngbya 48
9/23/2015 CPF155B 5,600 Bluegreens 52 Planktolyngbya 52
9/23/2015 CPF155C 6,000 Bluegreens 45 Planktolyngbya 45
5/19/2016 CPF155A 3200 Greens 71 Ankistrodesmus 37
5/19/2016 CPF155B 2100 Greens 85 Selenastrum 68
5/19/2016 CPF155C 2200 Greens 81 Selenastrum 65
6/23/2016 CPF155A 39700 Bluegreens 97 Planktolyngbya 97
6/23/2016 CPF155B 29600 Bluegreens 89 Planktolyngbya 89
6/23/2016 CPF155C 34800 Bluegreens 95 Planktolyngbya 95
7/16/2016 CPF155A 55500 Bluegreens 97 Planktolyngbya 96
7/16/2016 CPF155B 47800 Bluegreens 96 Planktolyngbya 96
7/16/2016 CPF155C 33000 Bluegreens 93 Planktolyngbya 93
8/23/2016 CPF155A 6000 Bluegreens 62 Planktolyngbya 62
8/23/2016 CPF155B 5000 Bluegreens 67 Planktolyngbya 67
8/23/2016 CPF155C 8000 Bluegreens 53 Planktolyngbya 53
9/28/2016 CPF155A 8800 Bluegreens 71 Planktolyngbya 71
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Density Group % Taxa %
Date Station Dominant Group Dominant
(units/ml) Dominance Dominance
9/28/2016 CPF155B 9800 Bluegreens 62 Planktolyngbya 61
9/28/2016 CPF155C 8000 Bluegreens 56 Planktolyngbya 56
6/29/2017 CPF155A 42400 Greens 63 Gonatozygon 49
6/29/2017 CPF155A. 33200 Greens 65 Gonatozygon 50
6/29/2017 CPF155A: 40500 Greens 66 Gonatozygon 56
6/29/2017 CPF155B 31500 Greens 64 Gonatozygon 53
6/29/2017 CPF155C 38600 Greens 71 Gonatozygon 60
6/29/2017 CPF155C: 40300 Greens 67 Gonatozygon 55
6/29/2017 CPF155C: 47600 Greens 60 Gonatozygon 50
7/20/2017 CPF155A 26200 Greens 63 Gonatozygon 50
7/20/2017 CPF155B 23500 Greens 61 Gonatozygon 47
7/20/2017 CPF155C 29400 Greens/Bluegreens 42/57 Planktolyngbgt 49
8/24/2017 CPF155A 63200 Bluegreens 84 Planktolyngbya 78
8/24/2017 CPF155A. 100800 Bluegreens 76 Planktolyngbya 66
8/24/2017 CPF155A: 130200 Bluegreens 86 Planktolyngbya 76
8/24/2017 CPF155B 64800 Bluegreens 77 Planktolyngbya 68
8/24/2017 CPF155C 67300 Bluegreens 81 Planktolyngbya 68
8/24/2017 CPF155C:. 67900 Bluegreens 76 Planktolyngbya 70
8/24/2017 CPF155C: 117700 Bluegreens 76 Planktolyngbya 62
9/26/2017 CPF155A 117700 Bluegreens 88 Planktolyngbya 86
9/26/2017 CPF155B 128400 Bluegreens 94 Planktolyngbya 90
9/26/2017 CPF155C 184100 Bluegreens 91 Planktolyngbya 89
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Table 2 Phytoplankton biovolume and dominant taxa in White Lake (22087)

Biovolume

Date Station (mirm?) Dominant Group Sg?:i?];/:lce Dominant Taxa -I;?))r(r?irc:fmce
5/21/2013 CPF155A 2900 Dinoflagellates 99 Peridinium 96
5/21/2013 CPF155B 5500 Dinoflagellates 94 Peridinium 94
5/21/2013 CPF155C 10400 Dinoflagellates 96 Peridinium 96
6/17/2013 CPF155A 2100 Greens 100 Unidentified green 99
6/17/2013 CPF155B 2100 Greens 92 Unidentified green 91
6/17/2013 CPF155C 3800 Greens 94 Unidentified green 92
7/15/2013 CPF155A 29800 Greens 100 Unidentified green 100
7/15/2013 CPF155B 31400 Greens 100 Unidentified green 100
7/15/2013 CPF155C 24000 Greens 100 Unidentified gren 100
8/26/2013 CPF155A 30 Greens 81 Oocystis/Closteriopsi: 43/38
8/26/2013 CPF155B 20 Chrysophytes 99 Synura 99
8/26/2013 CPF155C 20 Chrysophytes 57 Synura 57
9/23/2013 CPF155A 300 Greens 64 Dictyosphaerium 34
9/23/2013 CPF155B 200 Greens 72 No domnant n/a
9/23/2013 CPF155C 200 Greens 65 Oocystis 30
5/7/2015 CPF155A 1400 Dinoflagellates 24 Peridinium 84
5/7/2015 CPF155B 2600 Dinoflagellates 95 Peridinium 95
5/7/2015 CPF155C 3000 Dinoflagellates 90 Peridinium 90
6/17/2015 CPF155A 600 No domirant N/A No dominant N/A
6/17/2015 CPF155B 400 Greens 68 Oocystis 38
6/17/2015 CPF155C 400 No dominant N/A No dominant N/A
7/22/2015 CPF155A 300 Greens 67 Oocystis 30
7/22/2015 CPF155B 200 Greens 64 Oocystis/Peridinium 50 & 31
Water Sciences Section 31 Division of Water Resources



Biovolume

Date Station (mirm?) Dominant Group S(r)c::]]i?];ﬁce Dominant Taxa E?))r(sir(:ﬁnce
7/22/2015 CPF155C 300 Greens 61 Oocystis 41
8/20/2015 CPF155A 400 Greens 78 Scenedesmus 51
8/20/2015 CPF155B 800 No dominant N/A No dominant N/A
8/20/2015 CPF155C 600 Cryptomonads 44 Cryptomonas 37
9/23/2015 CPF155A 1100 Dinoflagellates 66 Peridinium 66
9/23/2015 CPF155B 1100 Dinoflagellates 77 Peridinium 77
9/23/2015 CPF155C 600 No dominant N/A Peridinium 38
5/19/2016 CPF155A 100 Greens 65 Ankistrodesmus 50
5/19/2016 CPF155B 100 Pyrrhophyta 48 Peridinium 48
5/19/2016 CPF155C 200 Pyrrhophyta 42 Peridinium 42
6/23/2016 CPF155A 1000 Bluegreens 58 Planktolyngbya 58
6/23/2016 CPF155B 2900 Pyrrhophyta 78 Peridinium 78
6/23/2016 CPF155C 1200 Bluegreens/Euglen: 42/40 Planktolyngbya 42
7/16/2016 CPF155A 1100 Bluegreens 75 Planktolyngbya 75
7/16/2016 CPF155B 1300 Bluegreens 70 Planktolyngbya 70
7/16/2016 CPF155C 1800 No dominant N/A Peridinium 40
8/23/2016 CPF155A 500 Greens 46 Peridinium 31
8/23/2016 CPF155B 400 Greens 54 Oocystis 32
8/23/2016 CPF155C 800 Greens 49 No dominant N/A
9/28/2016 CPF155A 400 Greens 43 Dictosplaerium 36
9/28/2016 CPF155B 700 No dominant N/A No dominant N/A
9/28/2016 CPF155C 500 No dominant N/A Cryptomonas 32
6/29/2017 CPF155A 4800 Greens 55 Gonatozygon 39
6/29/2017 CPF155A1 2400 Greens 83 Gonatozygon 67
6/29/2017 CPF155A2 3300 Greens 77 Gomtozygon 66
6/29/2017 CPF155B 3100 Greens 64 Gonatozygon 51
6/29/2017 CPF155C 4700 Greens 56 Gonatozygon 45
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Biovolume

Date Station (mirm?) Dominant Group S(r)c::]]i?];ﬁce Dominant Taxa E?))r(sir(:ﬁnce
6/29/2017 CPF155C1 3200 Greens 80 Gonatozygon 68
6/29/2017 CPF155C2 4400 Greens 61 Gonatozygon 50
7/20/2017 CPF155A 2100 Greens 72 Gonatozygon 58
7/20/2017 CPF155B 1600 Greens 81 Gonatozygon 68
7/20/2017 CPF155C 2200 Greens 54 Gonatozygon 34
8/24/2017 CPF155A 4800 Greens/Bluegreens 43/44 Gonatozygon 35
8/24/2017 CPF155A1 4400 Bluegreens 73 Gonatozygon 45
8/24/2017 CPF155A2 11700 Bluegreens 56 No dominant N/A
8/24/2017 CPF155B 4300 Greens/Bluegreens 55/41 Actinastrum 45
8/24/2017 CPF155C 5600 No dominant 47 Actinastrum 31
8/24/2017 CPF155C1 6400 Greens 50 Actinastrum 41
8/24/2017 CPF155C2 10300 Greens 64 Actinastrum 41
9/26/2017 CPF155A 3600 Bluegreens 47 Planktolyngbya 63
9/26/2017 CPF155B 5500 Bluegreens 94 Planktolyngbya 41
9/26/2017 CPF155C 4200 Bluegreens 66 Planktolyngbya 87
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Phytoplankton Density (2017)
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Figure 3. Phytoplankton biovolumes observed at ambient monitoring stations in White
Lake from June to September 2017
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